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7LELD IURP DQLPDOV ZHUH IL[HG GHFDOFLILHG ZLWK  ('7$
 3)$ DQG HPEHGGHG LQ SDUDIILQ )LYH P VHFWLRQV ZHUH
VWDLQHG ZLWK *ROGQHU¶V 7ULFKURPH DQG SURFHHGHG IRU
KLVWRPRUSKRPHWULF DQDO\VHV WR FDOFXODWH WKH 7% 7XPRU
%XUGHQ679 6RIW7LVVXH9ROXPH UDWLR SHUFHQWDJHRI WXPRU
WLVVXH7KH LQVLWXGHWHFWLRQRIRVWHRFODVWVZDVFDUULHGRXWRQ
PHWDVWDWLFERQHWLVVXHVHFWLRQVXVLQJWKHWDUWUDWHUHVLVWDQWDFLG
SKRVSKDWDVH 75$3DFWLYLW\ NLW DVVD\ 6LJPD$OGULFK%XFKV
6ZLW]HUODQG
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2VWHRFODVWRJHQHVLVDVVD\
3ULPDU\ ERQH PDUURZ FHOOV ZHUH REWDLQHG DIWHU WLELD DQG
IHPXUERQHPDUURZ IOXVKLQJ IURPZHHNROG2)PDOHPLFH
&HOOVZHUH WKHQFXOWXUHG IRUGD\V LQGLIIHUHQWLDWLRQPHGLXP
Į0(0 PHGLXP FRQWDLQLQJ  IHWDO FDOI VHUXP /LIH
WHFKQRORJLHV&DUOVEDG&$86$QJP/RI0&6) 5	'
6\VWHPV 0LQQHDSROLV 01 86$ DQG  QJP/ RI VROXEOH
UHFRPELQDQW 5$1./ LQ SUHVHQFH RU DEVHQFH RI FRQGLWLRQHG
PHGLXP H[WUDFWHG IURP 3& DQG 3&F J RI SURWHLQV IRU
HDFK FRQGLWLRQV >@ 0HGLXP ZDV ILUVW FKDQJHG HYHU\ WZR
GD\V WKHQ IURP GD\  HYHU\ GD\V $IWHU  GD\V PDWXUH
PXOWLQXFOHDWHG RVWHRFODVWV 2&V ZHUH REWDLQHG DQG VWDLQHG
IRU 75$3 DFWLYLW\ 6LJPD$OGULFK %XFKV 6ZLW]HUODQG
IROORZLQJWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV0XOWLQXFOHDWHG75$3
SRVLWLYHFHOOVFRQWDLQLQJWKUHHRUPRUHQXFOHLZHUHFRXQWHGDV
2&V
2VWHREODVWRJHQHVLVDVVD\
&DOYDULD RI GD\ROG 2) PLFH ZHUH GLVVHFWHG WKHQ FHOOV
ZHUH HQ]\PDWLFDOO\ LVRODWHG E\ VHTXHQWLDO GLJHVWLRQ ZLWK
FROODJHQDVH DV GHVFULEHG SUHYLRXVO\ >@ &HOOV REWDLQHG
IURP WKH ODVW IRXURI WKH ILYHGLJHVWLRQVWHSV SRSXODWLRQV ,,9
ZHUH SODWHG RQWR ZHOO SODWHV DW [ FHOOV  ZHOO $IWHU 
KRXUV LQFXEDWLRQ WKH PHGLXP LQFOXGLQJ Į0(0 PHGLXP
FRQWDLQLQJ  IHWDO ERYLQH VHUXP /LIH WHFKQRORJLHV
&DUOVEDG &$ 86$ ZDV FKDQJHG DQG VXSSOHPHQWHG ZLWK
JPODVFRUELFDFLG6LJPD$OGULFK%XFKV6ZLW]HUODQGDQG
ZLWKRUZLWKRXWFRQGLWLRQHGPHGLXPJRISURWHLQVIRUHDFK
FRQGLWLRQV H[WUDFWHG IURP 3& DQG 3&F 0HGLXP ZDV
FKDQJHG HYHU\ WZR GD\V IRU  GD\V P0 VRGLXP ȕ
JO\FHURSKRVSKDWH 6LJPD$OGULFK %XFKV 6ZLW]HUODQG ZDV
DGGHGGXULQJZHHNDWWKHHQGRIWKHFXOWXUH$WGD\ZKHQ
ERQH PLQHUDOL]HG QRGXOHV ZHUH IRUPHG FHOOV ZHUH WKHQ IL[HG
DQGVWDLQHGZLWKYRQ.RVVDIRUTXDQWLILFDWLRQ$/3DQGERQH
PLQHUDOL]HGQRGXOHVZHUHWKHQFRXQWHGRQDJULG>@5HVXOWV
DUHSORWWHGDVWKHPHDQQXPEHURIQRGXOHV6'RIWKUHHZHOOV
IRU FRQWUROV DQG HDFK FRQGLWLRQ 3& 3&F DQG ZHUH
UHSUHVHQWDWLYHRIWZRLQGHSHQGHQWH[SHULPHQWV2VWHRF\WHFHOO
OLQH0/2<ZHUHDJHQHURXVJLIWRI3U/%RQHZDOG6FKRRORI
'HQWLVWU\ 8QLYHUVLW\ RI 0LVVRXUL .DQVDV &LW\ 02 86$ DQG
ZHUHFXOWXUHGDVGHVFULEHGSUHYLRXVO\>@
,PPXQRF\WRFKHPLVWU\
3&FWXPRUVDQGPHWDVWDWLFWLELDZHUHIL[HGDQGHPEHGGHG
LQ SDUDIILQ )LYH P VHFWLRQV ZHUH VXEMHFWHG WR
LPPXQRKLVWRFKHPLVWU\ XVLQJ UDEELW SRO\FORQDO DQWLERGLHV DQWL
KXPDQ PRXVH RVWHRSRQWLQ DQWLERG\ %DFKHP %XEHQGRUI
6ZLW]HUODQGDQWLKXPDQ(QGRWKHOLQDQWLERG\$EELRWHF6DQ
'LHJR&$86$DQGDQWLKXPDQ23*DQWLERG\$EELRWHF6DQ
'LHJR &$ 86$ %63 DQWLERG\ ZDV D JHQHURXV JLIW RI 'U /
0DODYDO8QLYHUVLW\RI-0RQQHW6W(WLHQQH)UDQFH6HFWLRQV
ZHUHGHSDUDIILQL]HGLQPHWK\OF\FORKH[DQK\GUDWHGWKHQWUHDWHG
ZLWKDSHUR[LGDVHEORFNLQJUHDJHQW'DNR*ORVWUXS'HQPDUN
6HFWLRQVZHUHLQFXEDWHGZLWKQRUPDOFDOIVHUXPIRUKRXUDQG
LQFXEDWHG RYHUQLJKW DW & ZLWK SULPDU\ DQWLERGLHV GLOXWLRQ
6HFWLRQVZHUHLQFXEDWHGZLWKVHFRQGDU\DQWLERG\+53
FRQMXJDWHG GRQNH\ DQWL UDEELW $PHUVKDP*( +HDOWKFDUH
&KDOIRQW 6W *LOHV 8. GLOXWLRQ  IRU  KRXU $IWHU
ZDVKLQJ WKHVHFWLRQVZHUHUHYHDOHGE\¶GLDPLQREHQ]LGLQH
'DNR *ORVWUXS 'HQPDUN &RXQWHUVWDLQLQJ ZDV SHUIRUPHG
XVLQJ 0D\HU¶V KHPDWR[\OLQ 0HUFN :KLWHKRXVH 6WDWLRQ 1-
86$
5HDOWLPH573&5
7RWDO 51$ ZDV H[WUDFWHG ZLWK 7UL]RO UHDJHQW /LIH
7HFKQRORJLHV&DUOVEDG&$86$IURP3&3&F2%V2&V
DQG0/2<FHOOV6DPSOHVRIWRWDO51$JZHUHUHYHUVH
WUDQVFULEHG XVLQJ UDQGRP KH[DPHU 3URPHJD 0DGLVRQ :,
86$DQG WKH ILUVWVWUDQGV\QWKHVLVNLWRI6XSHUVFULSW70 ,, /LIH
7HFKQRORJLHV &DUOVEDG &$ 86$ 5HDOWLPH 573&5 ZDV
SHUIRUPHGRQD5RFKH/LJKWF\FOHU0RGXOH 5RFKH3HQ]EHUJ
*HUPDQ\ ZLWK SULPHUV VSHFLILF IRU KXPDQ DQG PRXVH VHH
7DEOHV 6 DQG 6 5HDOWLPH 573&5 ZDV FDUULHG RXW E\
XVLQJ6<%5*UHHQ4LDJHQ+LOGHQ*HUPDQ\DFFRUGLQJWRWKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV ZLWK DQ LQLWLDO VWHS IRU  PLQ DW
& IROORZHG E\  F\FOHV RI  VHF DW &  VHF DW 7P
VHH7DEOHV6DQG6DQGVHFDW&:HYHULILHGWKDWD
VLQJOH SHDN ZDV REWDLQHG IRU HDFK SURGXFW XVLQJ WKH
/LJKWF\FOHU5RFKHVRIWZDUH$PSOLPHUVZHUHDOOQRUPDOL]HG WR
FRUUHVSRQGLQJ/YDOXHV'DWDDQDO\VLVZDVFDUULHGRXWXVLQJ
WKH FRPSDUDWLYH &7 PHWKRG LQ UHDOWLPH HDFK UHSOLFDWH
DYHUDJHJHQHV&7ZDVQRUPDOL]HG WR WKHDYHUDJH&7RI/
E\ VXEWUDFWLQJ WKH DYHUDJH &7 RI / IURP HDFK UHSOLFDWH WR
JLYH WKH ¨&7 5HVXOWV DUH H[SUHVVHG DV /RJ BB&7 ZLWK ¨¨&7
HTXLYDOHQW WR WKH ¨&7 RI WKH JHQHV LQ 3& 3&F RU WUHDWHG
2%V 2&V DQG 0/2< FHOOV VXEWUDFWLQJ WR WKH ¨&7 RI WKH
HQGRJHQRXVFRQWUROQRQWUHDWHG2%V2&VDQG0/2<FHOOV
UHVSHFWLYHO\
(OHFWURQPLFURVFRS\
3&FFHOOVZHUHFXOWXUHGRQJODVVFRYHUVOLSV WKHQ IL[HG IRU
KLQJOXWDUDOGHK\GHLQ0RIVRGLXPFDFRG\ODWHEXIIHUDW
S+$IWHUWKUHHULQVHVLQ0VDFFKDURVHLQ0RIVRGLXP
FDFRG\ODWH EXIIHU WKH FHOOV ZHUH SRVWIL[HG LQ  RVPLXP
WHWUR[\GH LQ 0 FDFRG\ODWH EXIIHU GHK\GUDWHG LQ JUDGHG
HWKDQRO WKHQ HPEHGGHG LQ (SRQ 8OWUDWKLQ VHFWLRQV ZHUH
FRXQWHUVWDLQHG ZLWK XUDQ\O DFHWDWH DQG OHDG FLWUDWH WKH
H[DPLQHG XQGHU D  (; -(2/ HOHFWURQ PLFURVFRSH -HRO
7RN\R-DSDQ
)RXULHU7UDQVIRUP,QIUD5HG0LFURVSHFWURVFRS\)7,50
8QGHFDOFLILHG VHFWLRQV PWKLFN RI WLELD HPEHGGHG LQ
00$ ZHUH FXW ORQJLWXGLQDOO\ ZLWK D PLFURWRPH 3RO\FXW
5HLFKHUW-XQJ/HLFD*HUPDQ\DQGVWRUHGEHWZHHQJODVV
VOLGHV )7,50 ZDV SHUIRUPHG ZLWK D 3HUNLQ(OPHU *;,, $XWR
LPDJH0LFURVFRSH1RUZDON&786$HTXLSSHGZLWKDFRROHG
OLTXLGQLWURJHQZLGHEDQG0HUFXU\&DGPLXP7HOOXULGHGHWHFWRU
 FP ,QIUDUHG PHDVXUHPHQWV ZHUH SHUIRUPHG RQ
ERQH PDWUL[ LQ FRUWLFDO ERQH DURXQG WKH WXPRU DQG RQ WKH
WXPRU LWVHOI ,QIUDUHGPHDVXUHPHQWRIFRUWLFDOERQHIURPVKDP
PLFH ZDV DOVR FROOHFWHG ,5 VSHFWUD ZHUH FROOHFWHG LQ
WUDQVPLVVLRQPRGHDWFPRIVSDWLDOUHVROXWLRQDQGP;
PRIVSDWLDO UHVROXWLRQ&RQWULEXWLRQRIDLUDQG00$ZHUH
VXEWUDFWHG IURP WKH RULJLQDO VSHFWUXP $XWRPDWLF EDVHOLQH
FRUUHFWLRQZDVSHUIRUPHGRQHDFK,5VSHFWUXPZLWK6SHFWUXP
VRIWZDUH3HUNLQ(OPHU,QF
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6WDWLVWLFDODQDO\VLV
'DWD ZHUH H[SUHVVHG DV PHDQ  6' DQG DQDO\]HG
VWDWLVWLFDOO\E\RQHZD\DQDO\VLVRIYDULDQFH$129$IROORZHG
E\ SRVW KRF WWHVWV RU VWXGHQW WWHVW WR DVVHVV WKH GLIIHUHQFHV
EHWZHHQ JURXSV IRU LQ YLWUR DQG LQ YLYR VWXGLHV 6WDWLVWLFDO
VLJQLILFDQFHZDVWDNHQDVS
5HVXOWV
([SUHVVLRQRISURRVWHREODVWLFIDFWRUVE\3&FFHOOV
)URP KXPDQ DQGURJHQUHVLVWDQW SURVWDWH FDQFHU FHOO OLQH
3&ZHREWDLQHGDIWHUVLQJOHFHOOSRSXODWLRQFXOWXUH LQYLWURD
QHZ VXEFXOWXUH FHOO OLQH QDPHG 3&F FHOOV WKDW ZDV FKRVHQ
EDVHGRQLWVHSLWKHOLDOSKHQRW\SH)LJXUH6$VH[SHFWHGDQG
VLPLODUO\WRWKHSDUHQWDO3&FHOOV$5FRXOGQRWEHGHWHFWHGE\
UHDOWLPH3&5LQ3&FZKLOHLWZDVH[SUHVVHGLQWKHKRUPRQH
GHSHQGDQW FHOO OLQH 9&D3 XVHG DV D SRVLWLYH FRQWURO )LJXUH
$ 2Q WKH RWKHU KDQG WKH SURVWDWH PDUNHUV 36 DOSKD
PHWK\ODF\OFR$ UDFHPDVH $0$&5 DQG WKH SURVWDWLF DFLG
SKRVSKDWDVH 3$3 ZHUH H[SUHVVHG LQ ERWK FHOO OLQHV
FRQILUPLQJWKHSURVWDWHRULJLQRIWKHFHOOV)LJXUH%>@
&KDUDFWHUL]DWLRQ E\ UHDOWLPH 3&5 RI 3&F FHOOV LQGLFDWHG
WKDW(7DQG23*WZRIDFWRUVWKDWKDYHEHHQLPSOLFDWHGLQWKH
SDWKRJHQHVLVRIRVWHRVFOHURWLFERQHPHWDVWDVHVIURPSURVWDWH
FDQFHU DUH RYHUH[SUHVVHG FRPSDUHG WR WKH SDUHQWDO FHOO OLQH
3&)LJXUH&'ZKLOHRWKHUIDFWRUVVXFKDVILEUREODVWJURZWK
)LJXUH([SUHVVLRQRISURRVWHREODVWLFIDFWRUVE\3&FFHOOV'HWHFWLRQE\UHDOWLPH3&5RI$5P51$H[SUHVVLRQLQ3&
3&FDQG9&$3FDQFHUFHOOV OLQHV$$0$&53$3%DQG'..(7)*)1RJJLQ23123*5XQ[DQG7*)ȕP51$
H[SUHVVLRQ&DQG'LQ3&DQG3&FFDQFHUFHOOVOLQHV*HQHVH[SUHVVLRQZDVDVVHVVHGE\UHDOWLPH3&5RQWULSOLFDWHVDPSOHV
DQGQRUPDOL]HGDJDLQVWWKDWRIWKHULERVRPDOSURWHLQJHQH/S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IDFWRU)*)DQG7*)ȕDUHVLPLODUO\H[SUHVVHGLQERWKFHOO
OLQHV>@2QWKHRWKHUKDQGWKHH[SUHVVLRQRI'..DQG
1RJJLQ WZRRVWHREODVW LQKLELWRUV UHVSHFWLYHO\:QWVDQGERQH
PRUSKRJHQHWLFSURWHLQ%03LQKLELWRUVLVGHFUHDVHGLQ3&F
YHUVXV3&)LJXUH&'>@0RUHRYHU3&FVLPLODUO\WR
3&FHOOVH[SUHVVHGIDFWRUVNQRZQWREHLPSOLFDWHGLQSURVWDWH
FDQFHU RVWHRPLPLFU\ VXFK DV 231 DQG 5XQ[ $OO WRJHWKHU
WKHVH UHVXOWV VXJJHVW WKDW 3&F FHOOV PD\ SRWHQWLDOO\ LQGXFH
RVWHREODVWLF OHVLRQV ZKHQ FRPSDUHG ZLWK 3& FHOOV WKDW DUH
NQRZQWRSUHGRPLQDQWO\H[KLELWRVWHRO\WLFOHVLRQVLQERQH
3&FFHOOVLQGXFHPL[HGRVWHREODVWLFRVWHRO\WLFERQH
OHVLRQV
,QRUGHUWRWHVWWKHSURSHUW\RI3&FWRLQGXFHERQHOHVLRQV
LQWUDWLELDOLQMHFWLRQVZHUHSHUIRUPHGLQWRPDOH6&,'PLFH7HQ
ZHHNV DIWHU WXPRU FHOO LQRFXODWLRQ UDGLRJUDSKLF DQDO\VLV
UHYHDOHG WKDW DQLPDOVEHDULQJ3&F WXPRUVKDGERQH OHVLRQV
WKDW LQFOXGHG RVWHRO\WLF DQG RVWHREODVWLF FRPSRQHQWV )LJXUH
, ZKLOH SXUH RVWHRO\WLF OHVLRQV ZHUH REVHUYHG LQ DQLPDO
EHDULQJ3&WXPRUVDIWHUZHHNV)LJXUH(7KHFDSDFLW\RI
3& DQG 3&F WR LQGXFH SXUH RVWHRO\WLF DQG PL[HG OHVLRQV
UHVSHFWLYHO\ZDVFRQILUPHGXVLQJ'PLFUR&7UHFRQVWUXFWLRQ
)LJXUH )* DQG -. ERQH YROXPH %979 7DEOH 
KLVWRORJ\)LJXUH+DQG/DQGKLVWRPRUSKRPHWULFDQDO\VHVRI
WLELDH VNHOHWDO WXPRU EXUGHQ 7%679 7DEOH  $V H[SHFWHG
QR VNHOHWDO OHVLRQV ZHUH REVHUYHG DIWHU 3%6 LQMHFWLRQ 6KDP
DQLPDOV)LJXUH$'7DEOH%\LPPXQRKLVWRFKHPLVWU\ZH
FRQILUPHG LQYLYR WKDW(7DQG23*ZHUHKLJKO\H[SUHVVHG
LQ 3&F WXPRUV )LJXUH 6 % ' ZKHQ FRPSDUHG ZLWK 3&
)LJXUH6$&
%RQHUHPRGHOLQJVWLPXODWLRQE\3&FFHOOV
*LYHQ WKHVHGDWDZHQH[WDVNHGZKHWKHU3&FFRXOGDOWHU
WKHERQH UHVRUELQJ FHOOV WKHRVWHRFODVWV 2&VDQG WKHERQH
IRUPLQJ FHOOV WKH RVWHREODVWV 2%V 7UHDWPHQW RI SULPDU\
PRXVH ERQH PDUURZ FHOOV ZLWK 5$1./ PDFURSKDJH FRORQ\
VWLPXODWLQJIDFWRU0&6)DQGZLWKWKHFRQGLWLRQHGPHGLXPRI
3&F VWLPXODWHG PRUH WKH IRUPDWLRQ RI WDUWUDWH UHVLVWDQW DFLG
SKRVSKDWDVH 75$3SRVLWLYH PXOWLQXFOHDWHG 2&V FRPSDUHG
ZLWK WKDW REVHUYHG ZLWK WKH FRQGLWLRQHG PHGLXP RI 3& FHOOV
DQG XQWUHDWHG FHOOV &W )LJXUH $ 2Q WKH RWKHU VLGH
WUHDWPHQW RI SULPDU\ PRXVH FDOYDULD FHOOV FXOWXUHG LQ
RVWHRJHQLF FRQGLWLRQV ZLWK WKH FRQGLWLRQHG PHGLXP RI 3&F
KDGOHVVLQKLELWRU\HIIHFWRQ2%GLIIHUHQWLDWLRQWKDQFRQGLWLRQHG
PHGLXP RI 3& FHOOV FRPSDUHG ZLWK XQWUHDWHG FHOOV &W
)LJXUH % ,QGHHG D KLJK QXPEHU RI 2%V ZDV YLVXDOL]HG
XVLQJ 231 LPPXQRVWDLQLQJ LQ YLYR )LJXUH $ DE
,QWHUHVWLQJO\ 3& FRQGLWLRQHG PHGLXP VWLPXODWHG 23* DQG
5$1./ H[SUHVVLRQ E\ SULPDU\ 2%V ZKLOH 3&F FRQGLWLRQHG
PHGLXP GHFUHDVHG 23* SURGXFWLRQ OHDGLQJ WR D VWURQJHU
LQFUHDVH RI 5$1./23* UDWLR E\ 2%V WUHDWHG ZLWK 3&F
FRQGLWLRQHG PHGLXP FRPSDUHG ZLWK WKDW RI 3& FHOOV )LJXUH
& &RQVLVWHQW ZLWK WKHVH LQ YLWUR UHVXOWV 75$3 VWDLQLQJ RI
WLELDO VHFWLRQV RI PHWDVWDWLF OHJV IURP DQLPDOV EHDULQJ 3&F
VKRZHG KLJK QXPEHU RI 75$3SRVLWLYH PXOWLQXFOHDWHG 2&V
FRPSDUHG ZLWK WKDW REVHUYHG LQ 3& DQG 6KDP DQLPDOV
)LJXUH 6 )LQDOO\ VHPLTXDQWLWDWLYH 3&5 SHUIRUPHG RQ WKH
RVWHRF\WHFHOOOLQH0/2<DOORZHGXVWRVKRZWKDWVFOHURVWLQ
6267 DQG 'HQWLQ PDWUL[ DFLGLF SKRVSKRSURWHLQ  '03
H[SUHVVLRQZDVVWLPXODWHGDIWHUKRIWUHDWPHQWZLWK3&DQG
3&FFRQGLWLRQHGPHGLXPUHVSHFWLYHO\ZKLOH23*DQG5$1./
H[SUHVVLRQZDVQRWDIIHFWHG)LJXUH'
3&FFHOOVLQGXFHUREXVWRVWHREODVWLFUHDFWLRQVXSRQ
RVWHRJHQLFFRQGLWLRQV
%HFDXVH3&FFHOOVLQGXFHGQHZERQHIRUPDWLRQLQYLYRZH
QH[W WHVWHG ZKHWKHU WKH\ FRXOG SURGXFH 2%V PDUNHUV $IWHU
LPPXQRVWDLQLQJ RI ERQH PHWDVWDWLF WLVVXH VHFWLRQV 231 DQG
%63ZHUH IRXQGH[SUHVVHG LQ3&FFHOOV LQVLWX )LJXUH%D
DQG E 0RUHRYHU DIWHU  ZHHNV RI FXOWXUH LQ YLWUR XSRQ
RVWHRJHQLF FRQGLWLRQV LQFOXGLQJ DVFRUELF DFLG DQG ȕ
JO\FHURSKRVSKDWH)LJ&EDQGG3&FFHOOVZHUHUHYHDOHG
WREHDONDOLQHSKRVSKDWDVH$/3SRVLWLYH )LJ&FDQGZHUH
DEOH WR IRUPDFDOFLILHGPDWUL[SRVLWLYH IRU YRQ.RVVDVWDLQLQJ
)LJ & G ZKLOH 3& ZHUH $/3QHJDWLYH DQG GLG QRW LQGXFH
PDWUL[PLQHUDOL]DWLRQ )LJXUH&DDQGE([SUHVVLRQRI$/3
DIWHU DVFRUELF DFLG WUHDWPHQW ZDV FRQILUPHG LQ 3&F FHOOV E\
UHDOWLPH 3&5 )LJXUH ' 6LPLODUO\ 231 ZDV KLJKO\
H[SUHVVHG LQ 3&F FRPSDUHG WR 3& FHOOV ZKLOH 2&1 ZDV
H[SUHVVHG E\ ERWK FHOOV OLQHV XQGHU WKHVH H[SHULPHQWDO
FRQGLWLRQV)LJXUH'VXJJHVWLQJKLJKRVWHRPLPLFU\SURSHUW\
RI 3&F FRPSDUHG WR 3& FHOOV )LQDOO\ )RXULHU 7UDQVIRUP
,QIUD5HG0LFURVSHFWURVFRS\)7,50VWXG\RQWXPRUVREWDLQHG
DIWHU VXEFXWDQHRXV LQMHFWLRQ RI 3&F FHOOV UHYHDOHG WKH
SUHVHQFHRIDPLGHV,PDLQO\& 2VWUHWFKLQJDQG,,PDLQO\1
+ EHQGLQJ DQG ,,, PDLQO\ &1 VWUHWFKLQJ DQG 1+ EHQGLQJ
JURXSVRISURWHLQV)LJXUH6VHH,DQG,,UHGOLQHWKDWXVXDOO\
FRUUHVSRQGWRWKHRUJDQLFPDWUL[W\SH,FROODJHQLQERQH
)LJXUH 6 VHH %OXH DQG EODFN OLQH 1R SKRVSKDWH RU
FDUERQDWH PROHFXODU YLEUDWLRQV ZHUH IRXQG LQGLFDWLQJ WKH
DEVHQFHRIPLQHUDOZLWKLQWKH3&FWXPRU LQYLYR )LJXUH6
2Q WKH RWKHU VLGH QHZ ERQH PDWUL[ REWDLQHG IURP PLFH WLELD
LQMHFWHG ZLWK 3&F FHOOV VKRZHG WKH SUHVHQFH RI PLQHUDO
)LJXUH 6 &RQFRPLWDQWO\ WR WKHVH UHVXOW KLJK DPRXQW RI
7\SH , &ROODJHQ ZDV IRXQG WR EH H[SUHVVHG E\ 3&F ZKHQ
FRPSDUHGZLWK3&FHOOVE\UHDOWLPH3&5LQYLWUR)LJXUH$
$GGLWLRQDOO\3&FFHOOVZHUHVKRZQVXUURXQGHGE\W\SLFDOW\SH
, &ROODJHQ ILEHUV LQ VLWX DV MXGJHG E\ HOHFWURQ PLFURVFRS\
)LJXUH%VHHDUURZVDQGKLJKHUPDJQLILFDWLRQ$OO WRJHWKHU
WKHVH GDWD VXJJHVW KLJKHU RVWHRPLPLFU\ SURSHUWLHV IRU 3&F
FRPSDUHG ZLWK 3& FHOOV WKHUHE\ H[SODLQLQJ DW OHDVW LQ SDUW
7DEOH  +LVWRPRUSKRPHWULF DQDO\VLV RI WLELD ZLWK
PHWDVWDVHVLQGXFHGE\LQMHFWLRQRI3&DQG3&FFHOOV
 %979 7%679
6KDPQ 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%979 ERQH YROXPH WRWDO YROXPH 7%679 WXPRU EXUGHQVRIW WLVVXH YROXPH
6KDPZHUHSHUIRUPHGDVFRQWUROQ LV WKHQXPEHURI OHJVZLWKERQHPHWDVWDVHV
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WKHLU FDSDFLW\ WR LQGXFH PL[HG RVWHREODVWLFRVWHRO\WLF ERQH
OHVLRQV
'LVFXVVLRQ
,Q WKLVVWXG\ZHKDYHHVWDEOLVKHGDQGFKDUDFWHUL]HGDQHZ
DQGURJHQLQGHSHQGHQW SURVWDWH FDQFHU FHOO OLQH 3&F ZKLFK
UDSLGO\JLYHVPL[HGERQHOHVLRQVLQPDOH6&,'PLFHZHHNV
)LJXUH,QGXFWLRQRIO\WLFDQGPL[HGERQHOHVLRQVE\3&DQG3&FFHOOVUHVSHFWLYHO\DIWHULQWUDWLELDOLQMHFWLRQ$3&
DQG3&FFHOOVZHUH LQRFXODWHG LQWRPDOH6&,'PLFHZHHNVSRVW LQRFXODWLRQ UDGLRJUDSK\ UHYHDOHGSXUHRVWHRO\WLF OHVLRQV LQ
PLFHLQMHFWHGZLWK3&FHOOVQ (DQGPL[HGOHVLRQVLQPLFHLQMHFWHGZLWK3&FFHOOVQ ,FRPSDUHGWRPLFHLQMHFWHGZLWK
3%6Q $VHHO\VLVDQGZKLWHDUURZVIRUPDWLRQ%&)*-.7KUHHGLPHQVLRQDOPLFUR&7UHFRQVWUXFWLRQVRIWLELDHDQG
'+/KLVWRORJ\DIWHU*ROGQHU¶V7ULFKURPHVWDLQLQJFRQILUPHGWKHUDGLRJUDSK\UHVXOWV77XPRU1%1HZ%RQH
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1HZ$QGURJHQ5HVLVWDQW%RQH0HWDVWDVLV0RGHO
3/2621(_ZZZSORVRQHRUJ  6HSWHPEHU_9ROXPH_,VVXH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
)LJXUH   6WLPXODWLRQ RI RVWHRFODVWV DQG RVWHREODVWV E\ 3&F FHOOV LQ YLWUR  $ 3ULPDU\ PRXVH ERQH PDUURZ FHOOV ZHUH
FXOWXUHGLQWKHSUHVHQFHRI5$1./DQG0&6)DQGWUHDWHGRUQRW&WZLWKFRQGLWLRQHGPHGLXPREWDLQHGIURP3&DQG3&FFHOOV
0RUH2&V ZKLWH DUURZZHUH IRUPHG LQ FXOWXUHV WUHDWHGZLWK3&F FRQGLWLRQHGPHGLXPFRPSDUHG WR FXOWXUHV WUHDWHGZLWK3&
FRQGLWLRQHG PHGLXP DQG &W $129$ S % 3ULPDU\ PRXVH FDOYDULD FHOO FXOWXUHV ZHUH WUHDWHG IURP GD\  ZLWK
FRQGLWLRQHG PHGLXP REWDLQHG IURP 3& DQG 3&F FHOO 0LQHUDOL]HG ERQH QRGXOHV ZHUH SUHVHQW DQG YLVXDOL]HG E\ YRQ .RVVD
VWDLQLQJDWGD\VHHPLQHUDOLQEODFNZKLWHDUURZV0LQHUDOL]HGERQHQRGXOHIRUPDWLRQZDVGHFUHDVHGZKHQSULPDU\FHOOVZHUH
WUHDWHGZLWK FRQGLWLRQHGPHGLXP IURPDQ\RI WKH3&3&FFHOOV FRPSDUHGZLWKQRQWUHDWHG &W FHOOV WKHGHFUHDVHZDV OHVV
ZKHQ 3&F FHOO FRQGLWLRQHG PHGLXP ZDV XVHG FRPSDUHG ZLWK 3& $129$ S YHUVXV &W DQG YHUVXV 3& & 3&
FRQGLWLRQHG PHGLD VWLPXODWHG WKH H[SUHVVLRQ RI 23* DQG 5$1./ LQ SULPDU\ 2%V FRPSDUHG ZLWK QRQWUHDWHG &W ZKLOH 3&F
FRQGLWLRQHGPHGLDRQO\LQKLELWVWKHH[SUHVVLRQRI23*FRPSDUHGZLWK&WOHDGLQJWRDQKLJKHU5$1./23*UDWLRLQ3&FFRQGLWLRQV
''HWHFWLRQE\UHDOWLPH3&5RI6267'0323*DQG5$1./P51$H[SUHVVLRQLQ0/2<FHOOVWUHDWHGZLWK3&DQG3&F
FRQGLWLRQHGPHGLXP5HVXOWVDUHSORWWHGDVWKHPHDQQXPEHURI2&6'DQG2%QRGXOHV6'RIWKUHHZHOOVIRUFRQWUROVDQGHDFK
FRQGLWLRQDQGDUHUHSUHVHQWDWLYHRIWZRLQGHSHQGHQWH[SHULPHQWV*HQHVH[SUHVVLRQZDVDVVHVVHGE\UHDOWLPH3&5RQWULSOLFDWH
VDPSOHVDQGQRUPDOL]HGDJDLQVWWKDWRIWKHULERVRPDOSURWHLQJHQH/SSS
GRLMRXUQDOSRQHJ
1HZ$QGURJHQ5HVLVWDQW%RQH0HWDVWDVLV0RGHO
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)LJXUH3&FFHOOVRVWHRPLPLFU\SURSHUWLHV$,PPXQRGHWHFWLRQRI231LQ2%LQERQHPHWDVWDVHVLQGXFHGE\3&FFHOOV
VHH2%VDDQGEPDJQLILFDWLRQVRIDVHHEODFNDUURZV$DQGLQWXPRUVFHOOV%D6LPLODUO\WR231%63H[SUHVVLRQLVGHWHFWHG
LQWXPRUVFHOOVLQYLYR%E&6LPLODUO\WRSULPDU\PRXVHFDOYDULDFHOOV3&DQG3&FZHUHFXOWXUHGLQRVWHRJHQLFFRQGLWLRQVIRU
GD\V$/3DFDQGYRQ.RVVDVWDLQLQJEGVKRZKLJKH[SUHVVLRQRI$/3FDQGPLQHUDOL]DWLRQZKLWHDUURZGLQ3&FFHOOV
ZKLOHQR$/3H[SUHVVLRQDDQGPLQHUDOL]DWLRQZHUHGHWHFWHGLQ3&FHOOVE''HWHFWLRQE\UHDOWLPH3&5RI231$/3DQG
2&1P51$H[SUHVVLRQLQ3&FDQG3&FHOOVFXOWXUHGLQRVWHRJHQLFFRQGLWLRQVIRUGD\V*HQHH[SUHVVLRQZDVDVVHVVHGE\
UHDOWLPH 3&5 RQ WULSOLFDWH VDPSOHV DQG QRUPDOL]HG DJDLQVW WKDW RI WKH ULERVRPDO SURWHLQ JHQH / S %DU P 7
7XPRU2%RVWHREODVWV1%1HZ%RQH
GRLMRXUQDOSRQH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1HZ$QGURJHQ5HVLVWDQW%RQH0HWDVWDVLV0RGHO
3/2621(_ZZZSORVRQHRUJ  6HSWHPEHU_9ROXPH_,VVXH_H
DIWHULQWUDWLELDOWXPRUFHOOVLQMHFWLRQ7KLVPRGHOPD\EHXVHIXO
WRVWXG\FHOOXODUDQGPROHFXODUPHFKDQLVPVWKDWGLIIHUEHWZHHQ
DQGURJHQGHSHQGHQW DQG DQGURJHQLQGHSHQGHQW SURVWDWH
FDUFLQRPDVZKHQWKH\PHWDVWDVL]HWRERQH,QSURVWDWHFDQFHU
DQGURJHQ EORFNDGH VWUDWHJLHV DUH XVXDOO\ XVHG WR WUHDW
RVWHREODVWLF ERQH PHWDVWDVHV +RZHYHU UHVSRQVHV WR WKHVH
WKHUDSLHVDUHRIWHQEULHIGXHWRSRVWWUDGXFWLRQDOPRGLILFDWLRQV
RU PXWDWLRQV RI $5 WKDW UHGXFH OLJDQG ELQGLQJ DQG LQHYLWDEO\
OHDG WR &53& >@ 7KH UROH RI $5 SDWKZD\ LQ WKH
RVWHREODVWLF SURJUHVVLRQ RI SURVWDWH FDQFHU LV SRRUO\
XQGHUVWRRG EHFDXVH DYDLODEOH PRGHOV RI PL[HG DQG SXUH
RVWHREODVWLF OHVLRQV &% 3&D% 9&D3 DUH PDLQO\
DQGURJHQUHVSRQVLYH OLNH >@&RQVHTXHQWO\DQDFWLYH$5
SDWKZD\ LV EHOLHYHG WR EH LPSOLFDWHG LQ WKH RVWHREODVWLF
SURJUHVVLRQRISURVWDWHFDQFHU+RZHYHUFRQFHUQLQJRXU3&F
PRGHOWKLVDVVXPSWLRQGRHVQRWRFFXUDVERWKFHOOVOLQHV3&
DQG3&FFHOO OLQHVGRQRWH[SUHVV$52QWKHRWKHUVLGH$5
QHJDWLYHPRGHOVFRPPRQO\XVHGDV3&DQG'8FHOOVWKDW
GHULYHG IURP &53& SDWLHQWV LQGXFHG SXUH RVWHRO\WLF OHVLRQV
DQGGRQRWUHSURGXFHZKDWLWLVREVHUYHGLQFOLQLF>@7KHQ
LQ RUGHU WR PHHW WKH QHHG IRU FOLQLFDOO\ UHOHYDQW PRGHOV RI
SURVWDWH FDQFHUDVVRFLDWHG ERQH OHVLRQV PRUH UHFHQW
KRUPRQHLQGHSHQGHQWPRGHOVKDYHEHHQGHYHORSHG OLNH0'$
3&D  DQG $FH WKDW VLPLODUO\ WR WKH 3&F PRGHO GR QRW
H[SUHVV $5 DQG LQGXFH PL[HG OHVLRQV >@ 1HYHUWKHOHVV
RVWHRJHQHVLVWKDWZDVLQGXFHGE\)*)LQWKH0'$3&D
PRGHOZDVQRWLPSOLFDWHGLQWKHRVWHREODVWLFUHVSRQVHLQGXFHG
E\3&FDV)*)H[SUHVVLRQZDVQRWVWDWLVWLFDOO\VLJQLILFDQWO\
PRGXODWHGEHWZHHQ3&DQG3&FFHOOV
,QWHUHVWLQJO\ ZKHQ FRPSDUHG ZLWK 3& 3&F FHOOV KLJKO\
H[SUHVVHG (7 D PLWRJHQLF IDFWRU IRU 2% >@ (7 LV
NQRZQ WR FRQWULEXWH WR RVWHREODVWLF SURJUHVVLRQ RI SURVWDWH
FDQFHU FHOOV E\ VWLPXODWLQJ 2% SUROLIHUDWLRQ WKURXJK WKH
QHJDWLYHUHJXODWLRQRI WKH LQKLELWRURI WKH:QWVLJQDOLQJ'..
ZKLFK PD\ H[SODLQ DW OHDVW LQ SDUW WKH GHFUHDVH RI '..
REVHUYHG LQ 3&F FHOOV >@ 0RUHRYHU D GHFUHDVH RI '..
VHUXP OHYHO LQ SDWLHQWV ZLWK DGYDQFHG SURVWDWH FDQFHU KDV
EHHQUHSRUWHGWREHDVVRFLDWHGZLWKRFFXUUHQFHRIRVWHREODVWLF
OHVLRQVZKLFKVXJJHVWVWKDW'..LQKLELWLRQLQ3&FFHOOVPD\
FRQWULEXWHWRWKHRVWHREODVWLFSKHQRW\SHLQGXFHGE\WKHVHFHOOV
>@%03VKDYHDOVREHHQ LPSOLFDWHG LQ WKHIRUPDWLRQRIQHZ
ERQHLQGXFHGE\SURVWDWHFDQFHUDQGWKHLQKLELWLRQRI%03VE\
WKHLU LQKLELWRU1RJJLQLQ&%FHOOVLQGXFHVDGHFUHDVHLQWKH
RVWHREODVWLFUHVSRQVHVXJJHVWLQJWKDWWKHORZH[SUHVVLRQOHYHO
RI 1RJJLQ LQ 3&F FHOOV FRPSDUHG ZLWK 3& FHOOV PD\ DOVR
FRQWULEXWH WR WKH RVWHREODVWLF OHVLRQV LQGXFHG E\ 3&F FHOOV
>@)LQDOO\WKHRYHUH[SUHVVLRQRI23*PD\DOVRFRQWULEXWH
WRWKHRVWHREODVWLFUHVSRQVHLQGXFHGE\3&FFHOOVE\ OLPLWLQJ
)LJXUH3&FFHOOVKLJKO\H[SUHVVHGW\SH,FROODJHQ$'HWHFWLRQE\UHDOWLPH3&5RIW\SH,FROODJHQP51$H[SUHVVLRQLQ
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DVVRFLDWHG PDUNHUV VXFK DV 231 %63 5XQ[ DQG W\SH ,
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HVVHQWLDOO\ VKRZQ LQ EUHDVW YHUVXV SURVWDWH FDQFHU 7KXV
DVVRFLDWLQJ %63 WR VFOHURWLF OHVLRQV DV D VWLPXODWRU RI ERQH
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